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. FAILURE MODES EFFECTS ANALYSIS (FHMEA) -- CRITICAL HARDMARE - '
. ' MUHEER; M4-1BG-RY¥D30-X

SUBSYSTEM RAME: ELECTRICAL POWER GENERATION - CRYQ, GENWERIC
REVISION : 1 11s12/91
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PART NAME T PART wMeER
VENDOR, AANE VENDOR NLWBER
2 SRU RELIEF VALVE, H2 TANK MC284-0440-0402
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m EXTEMDED CESCRIFTION OF PART UNDER AMALYSIS:
& RELIEF VALVE, K2 TANK
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m QUANTITY OF LIKE ITEMS: 1
ONE PER TaNK

a FUNCTION:
PROVIDES OVERPRESSURIZATION PROTECTION FOR H2 TARKS.
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E FAILURE MO(BZ:
Fails CLCSER
HISSICN FYASE: -
FL PRELAUNCH
Lg LIFT-0FF
og MA-0x3IT
co DE-JRBIT
LS LANDING EAFING

B YEHICLE/PAYLOAD/XIT EFFECTIVITY:

@ CAUSE:
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“FAILURE HODES EFFECTS AMALYSIS {FHEA] - CRITICAL FAILURE EODE
NUERER: MA-TRG _REY03I0-02

o REVISION#.. -1 11/12/91 R
SUBSYSTEM: SLICTRICAL POWER GEMERATION - CRYO, GEWERIC T

[TEM RAME: RELIZF VALVE, HZ TANK
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CORRCSTON, YIZRATION, PHYSICAL BINDING/JAMMING
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FEJUNCANCY SCREIEN B - N/A STHCE RELIEF YALVE [5 CONSIDERED STANDBY

A REDUKDANCY SCREEH A) PASS
- B) N/A
2 C) PASS
PASS/FAIL RATIONALE:
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a B)
=ECUNDANT.
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a (A} SUBSYSTEM: '
NO EFFECT AFTZR FIRST FAILURE.
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CRITICALITY OF THIS
FAILURE MODE:122
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FALLURE MODES EFFECTS AMALYSIS (FMER) - CRITICAL FAILURE HOOE
A | NUMBER: M4—185-RVO30-02

m (8) INTERFACIMG SUBSYSTEM(S):
SAME AS (A} .

w {C) MISSION: ~ —— -
SEME AS (4)

m (D) CREW, VENICLE, AMD ELEMENT(S):
SAME AS (A)

o {E) FUNCTIONAL CRITICALITY EFFECTS:
POSSISLE LOSS OF LREW/VEWICLE JUE TO TANK RUPTURE IF AN ADDITIONAL
FAILURE RZSULTS IN TANK OVERPRESSURIZATION,

L ol . e e bl L L p—— -.--.-,...-__—_.-..._-.......__.....--__._.—.-....__..,-___--

@ (R) DESIGN: -
13 MICRAON FILTZR IMCORPGRATED IN IMNLET OF RELIEF VALVE. CRYD PLUMBING
CLEANED TO LEVEL 200 BY PARTICULATE COUNT. ALL CCMPONENTS ARE )
CCMPATIALE WITH WORKIMG FLUIDS. YALYE 15 MOUNTED WITH 300Y AXIS
PERFENOICULAR TO VEMICLE X-AXIS TO MINIMIZE VEIRRATION TFFECTS.  BUILT
[N THERMAL COMPENSATICH BY THE USE fF BELLEVILLE SPRINGS, VALVE I$
CONSTRUCTED CF CRES METALS, CARBOM COMPOSITION (VESPEL), AND 6081-T&51
ALUMINOM WHICH [S KOT 1M COMTACT WITH TME WORKING FLUID.

o (B} TEST:
QUALIFICATION TESTS INCLUCED; MECHANICAL SHOCK (20 3}, SIRUSQIDAL
VIBRATION {+/- 0.25 G PEAK), RANDOM VISRATION (.05 G SQ/HZ WAX MUK FOR
44 WINUTES), QPERATING CYCLES (1500 AT AMBIENT AND 1400 AT LHZ TEMP)Y,
AND THIZMALLY CYCLED 5 TIMES (START INITIALLY AT +220 GEG F AND FLOW
BNTIL INLET TEMP DROPS TO -380 0fG F}.

ACCZPTARCE INCLUDES FUNCTIOMAL TEST WITH TEERMAL CYCLES (AMBIENT T
+220 CEG 7 ¥ AMBITNT 70 -300 OFE F TGO AMBIENT}, VALVE IS5 FURTHER
FURCTIONALLY VERIFIED CURIMG PANEL MODULAR ASSEMELY AND SUBSYSTEM
CHECKOUT,

CREITER MAINTENANCE DOWN PERIOD (OMDP) OR iF VALVE CPESATED OURING THE
FREVIQUS FLIGHT OR TURNAROUND. : :

& {C) IKSPECTION:
RECEIVING INSPECTION o
TEST REPORTS AND MATERIALS CERTIFICATIONS ARE MAINTAIMED CERTIFYING
®ATERIALS AND PHYSICAL PROPERTIES.

L OMRSD: RELIEF VALVE CRACK AND RESEAT TEST PERFORMED DURING EVERY
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. " FALURE PODES EFFECTS AMALYSIS (FMEA} -- CRITICAL FAILURE BOOE

NUMEER: M4-1BG-RV030-02

" CONTAMINATION CANTAOL :

CLEANLINESS PER SPECIFICATICN TO LEVEL 200A IS VERIFIED 8Y INSPECTICH.

ASSEMBLY/INSTALLATION . . -

ALL PARTS. ARE. PROTECTED- FROM DAMAGE AND CONTAMINATION, DIMEMSIONAL AND
SURFACE FINISH &RE VERIFIED. ALL SURFACES REQUIRING CORRCS[ON
PROTECTION ARE CIATIFIED. MANDATORY INSPECTICN POINTS ARE INCLUDED [N
THE ASSEMBLY PROCEQURE. =~ = =

L2ITICAL PROCESSES
PAiST

ESEIVATICN AND AFFLISATION 3F ZRAYCOTI LUSD 15 YIRIFIED BY INSPECTION,

SONDESTRDCTIVE EVALUATICH
ALL INTZRNAL WELDS ARE VERIFIED BY THE FOLLOWING INSPECTIONS: 4X
VISUAL, DIMEHSIONAL, DYE PENETRANT, AND RADIOGRAPNIC EXAMINATION,

TESTING

FROQF PRESSURE TESTING ODURING ATP VERIFIES 3TRUCTURAL INTESRITY OF THE
YALYE AND IS YTRIFIED BY INSRECTION,

HANDLING /PACYAGTHE . B

PACKAGING FOR SHIFMENT [5 VERIFIED BY INSPECTICN.

(1) FAILURE HISTORY:

CAR NG, A7ZES-010 DOWNEY, RELIES PANFL aTP

N HZ TENK RELIEF YALYE FAILLED T0O CRACK WITKIN SPECIFICATION DURING THE
LOW TEMPIRATURE TEST OF THE ACCEPTANCE TEST. THE AMALYSIS DETERMINES
THE FAILURE TO BE CAUSED BY THE TEST SETUP, HOT THE VALVE, THE UNIT
FAILED CUE TO SXCESS MOISTURE WITMIN THE TEST SETUP WHICH CAUSED ICING
AND BLOCKAGE OF THE PILOT SECTIOM OF THE VALVE.

LORRECTIVE ACTICH INCLUDED REVISING THE TEST SETUP AND TEST PROCEDURES
70 ELIMINATE £XCESS MOISTURE WITHIN THE SYSTEM.

(AR ND. ADZ231-D10 DOWKEY, MISSION SIMULATION PALLET ATP

AN HZ RELIZF VALYE EXKIBITED OUT QF SPECIFICATION LCAKAGE UPON RESEAT
JURING COWHEY MISSION STMULATION PALLET PANEL ACCEPTANCE TESTIMG.
FATLURE OF THE VALYE TO RESEAT wAS ODUE TO THE PUSHROD ACTUATING THE
MAIN RELIEF VALVE POPPET BOUND WITHIN THE UPPER HOUSING BORE. PUSH ROD
BINDING [5 SUSPECTER TO HAVE BEEN CAUSED 3Y A COMTAMINANT, THIS
CAMAGED THE BUSHING/PUSHROD BORE SLIOING SURFACES TOQ THE FOINT WHERE
YHE MAIR SPRING COULD XOT QVERCOME THE INCREASED FRICTIONAL FORCES.

THE SOURCE OF COCNTAMIMAKT COULD NOT BE DETERMINED,

THE PROBLIM WAS CLOSED WITH TRE FOLLOWIRG RATIONALE: THE RELIZF VALVE
PERFORMED IT3 SRIMARY FUNCTIGN WHICH 15 CRACKING AT 302 PSIG AMD-STAYED
OFEN TO PREVENT A SYSTIM OVERPRESSURIZATION CONDITION. ANALYSIS HAS
iNDICATED A LOAD OF 500 FOUNDS ON THE PUSHROD ASSEMBLY DURING NORMAL

MAARIE _ 120
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FATLLRE MODES EFFECTS AMALYSIS {FMEA) -~ CRITICAL FA{LURE WODE
e : RUMBER: Ma-1BG-RY030-02

SLOW CONGITIONS ACTING AGATNST A 26 POUND LOAD WHICH 1o COMPRISED cF:
THE SPRING LOAD, 2USKIMG FRICTION, AND THE INLET PRESSLRE. THIS 15 THE
FIRST ZEPCRTED FAILURE OF &N H? RELIEF VALVE FATILING RESEAT DUE 70 o
STUCK PCPPET PUSH R00. SINCE aLL AELIEF YALVES A&E. VERIFIZD 70 &g
CLOSED SRIOR TO TAUNCH, A PRIDR NON RELATED SYSTSHW FAILURE wCULD as:
=2CUTRED BEFORE THE RELIEF WALWE WOULD SE NEEDED TO PELIZVE

AL3D, TO REDUCE THE PROBABILITY 4F THIS PROBLEM CaoM RECURRING QN
"UTJRE WARDWARE ALL RELATED P2RTS KAVE BELN REMOYED FaoM STCLK FCR
[NSPECTICN OF QUT OF SPECIFICATION CONDIYIONS. a REQUIRIMENT WAS 2CDED
v2 INSPECT THE BUSHINGS AT 10X MASHIFICATION AND THE 8 ®ICaoN SURFACE
TINIEA OF THE ARTIMILY PUSHRDD ORI ZAE NOW VERIFIZO WITH 4 SORDSCIFE.

DPTRATIDNAL YUSE:
~ILL _RESPOMD T TARK OVERFRESSURE ANNUNCIATION 8Y DEACTIVATING
TTZD TAHK 4EATERS,

T T T T T T T T T T T T e e A e e e e e T A S A R A e e m

1 e
AN
o I L P
ey -

- ———

e i TRl e o e e - - —

WLTARFLITY SNGINEERTYG: M, D. WEST
SESIGR ENGINEERIXG : M. M, SCHETERNW
CUALITY MANAGER : Q. J. 3UTTHER

445A RELIABILITY .
YASA SUBSYSTEM MANAGER
NASA QUALITY ASSURANCE :
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